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$p=(\cos(\theta))^{2}$ $N_{A}=N\cross p$ $N_{B}=N\cross(1-p)$
$N$ ($N=$ NA $+$ NB) $N_{A }N_{B}$ $p$







$\rho=r|\psi\rangle\langle\psi|+(1-r)(|H\rangle\langle H|+|V\rangle\langle V|)/2$ (5)
$r$ 1 $r$ $0$ $\sim$























$M(\theta)=(M(1;\theta), M(2;\theta))=(|\xi\rangle\langle\xi|, I-|\xi\rangle\langle\xi|)$ , (7)










$\theta$ $\theta^{t}$ $\hat{\theta}_{n}$ 1 $\theta^{t}$ (
) $(\hat{\theta}_{n}-\theta^{t})$ $N(0, J_{\theta^{t}}^{-1})$








( 780 nm) (
830 nm) $(IF1, 830nm)$
($DT$ , SPCM-AQR, Perkin Elmer)
$($ $30ns)$











$n$ HWPI $\hat{\theta}_{n}$ HWP 1
($n$ ) 300 $(n=300)$
AQSE 500
5 $\theta^{t}$ (HWPO ) 60 500
$\hat{\theta}_{n}$
60
4 $\theta^{t}$ (HWPO ) $(0[\deg]$ $30[\deg]$ $60[\deg]$ $78.3[\deg])$ 300
500 $\mu$ $v$ $\mu$
$v$ $\sqrt{n}(\hat{\theta}_{n}-\mu)\sim N(0, v)$








4$0 50 100 150 200 250 300$
$n$
5 HWPO ( $r=500$ )
5
130
1 $\mu$ $v$ $CL$ :
$\theta^{t}[\deg]$ $\mu[\deg]$ (90% $CL$) $v$ (90% $CL$)
0.0 $-0.15\pm 0.06$ [0.054, 0.067]
30.0 $29.90\pm 0.06$ [0.055, 0.067]
60.0 $60.00\pm 0.06$ [0.056, 0.068]







$NOON$ [11, 12] $N$ NOON
$| \psi\rangle=\frac{1}{\sqrt{2}}(|N\rangle_{A}|0\rangle_{B}+|0\rangle_{A}|N\rangle_{B})$ (9)
$N$ A $B$ A








1 $(|1\rangle_{A}|1\rangle_{B})$ ( 6)
A
$B$








$N=2$ NOON 6 $(PP)$
2 NOON

















$+ \frac{\sqrt{6}}{8}(1-e^{i4\phi})(|3\rangle_{E}|1\rangle_{F}+|1\rangle|3\rangle_{F})$ , (13)
$E$ $F$ 2
$|31\rangle_{EF }|13\rangle_{EF}$ $|2\rangle_{C}|2\rangle_{D}$ $\exp(i2\phi)$
4 NOON $\exp(i4\phi)$
$E$ 3 $F$ 1 $F$









7 PP 7(a) 1
$A$ $E$ 1
$V=99.2\pm 0.3\%$ 7(b)
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